Little is known about breast cancer in Sudan. According to the recent data published by the Khartoum Cancer Registry, breast cancer was the most common cancer among Sudanese women. Generally, breast cancer in native African women is characterized by young age at onset, occurrence in multiparous premenopausal patients, advanced stage at diagnosis, large tumor size, high-grade and triple-negative phenotype, with correspondingly poor prognosis. In Sudan, it was reported that about 70% of the women diagnosed with breast cancer were younger than 50 years old. We present here data from local and international publications as well as primary information from the National Cancer Institute in Wad Medani (one of the only two cancer hospitals of the country, both located in Central Sudan in Khartoum and Wad Medani). We provide an up-to-date situation analysis of breast cancer in Central Sudan as an example for an African reality and the various open challenges of breast cancer in a limited resource setting. A better understanding of breast cancer in black African women is of global relevance, as there is an alarming increase in breast cancer among young black women worldwide, and these patients have the lowest survival rates.
Introduction
Worldwide breast cancer is the most frequent cancer in women. Breast cancer is considered a biologically heterogeneous disease that is influenced by complex and still incompletely understood interactions between multiple genetic and environmental risk factors. These interactions could play an important role in the marked geographical variation of breast cancer incidence rates [1, 2] . Incidence rates are higher in the developed countries than in the developing countries and in urban versus rural areas [1] [2] [3] . In sub-Saharan Africa, low incidence of breast cancer has been documented [1] [2] [3] [4] [5] [6] [7] [8] . This could be explained by the fact that high parity and prolonged breast-feeding, which act as protective factors [9, 10] , are prevalent [9] . However, the estimated mortality rates for breast cancer in Africa are not greatly inferior to those registered in Europe. Another interesting observation is that in Africa, breast cancer tends to affect younger women [1, 2, 8, 11, 12] . A woman's age is one of the strongest risk factors for breast cancer. Its incidence rates increase steadily between 25 and 50 years of age, after which continue to rise at slower rate. In women under 20 years of age, the risk of breast cancer is very low [2, 13] . In parts of the world including sub-Saharan Africa, where life expectancy is shorter, the median age at diagnosis is 10-15 years younger than in the developed world, that is, Europe and the USA [2, 4, 11, 12, 14] .
In any case, breast cancer is the most commonly diagnosed cancer among African women [15] . It has been noted that breast cancer overtook cervical cancer as the most commonly diagnosed cancer in several countries in sub-Saharan Africa, including Nigeria, Chad, Sudan, Cameroon, Central African Republic, Niger, Namibia, Congo, Kenya and Somalia [15, 16] . This was attributed to increase in the prevalence of breast cancer risk factors associated with urbanization and economic development, such as earlier menarche, later childbearing, having fewer children, obesity and increased awareness and detection [15] .
Little is known about breast cancer in Sudan [17] . According to the recent data published by the Khartoum Cancer Registry, breast cancer was the most common cancer among Sudanese women [16] . During 2009-2010, the incidence rate of breast cancer was substantially higher than that of any other type of cancer in adults, males and females combined. The age-standardized rate (ASR) of breast cancer for women living in Khartoum was 66.8 per 100,000, which was higher than what was reported for women in East Africa and North Africa, but similar to those reported for Nigerian women living in Abuja or in Ibadan [16] .
Major clinicopathological features of breast cancer in Sudan
Generally, breast cancer in native African women is characterized by young age at onset, occurrence in multiparous premenopausal patients, advanced stage at diagnosis, large tumor size, high-grade and triple-negative phenotype, with correspondingly poor prognosis. The median age at diagnosis among women with breast cancer in developed countries is 61 years [22, 23] . Interestingly, a recent overview of female breast cancer statistics in the United States showed that the median age at diagnosis was somewhat younger for black women (58 years) than for white women (62 years) [24] . In Sudan, it was reported that about 70% of the women diagnosed with breast cancer were younger than 50 years (Figure 1) [25] .
This could be related to the fact that Sudan has a young population structure, with 44% of the Sudanese population under 15 years of age, in addition to a relative, but significant, increase in life expectancy [26, 27] . Previous studies from other sub-Saharan countries reported that the average age of diagnosis of breast cancer among African women tends to be low. This is may be partially due to the short-life expectancy and young population structure of African women. However, the full spectrum of this phenomenon could reflect complex gene-environment interactions associated with both traditional and new lifestyles in Africa [6, 17, 19, [28] [29] [30] [31] [32] .
Young age at breast cancer presentation in Sudanese women (Figure 1 ) appears to be contributed in minor part by genetic predisposition [13, 33, 34] . It is worth mentioning that breast cancer at a young age is generally associated with aggressive behavior, advanced stage at presentation and poorer prognosis [35] .
The clinical stage of the disease at presentation is the most important factor for the outcome of the patient with breast cancer. In limited resource countries, breast cancer is typically characterized by a relatively advanced stage at presentation [33, [36] [37] [38] [39] [40] . Data from National Cancer Institute, University of Gezira (NCI-UG) confirm that the patients with breast cancer present in small proportion with localized disease and in large proportion with regionally diffuse and metastatic disease, as shown in Table 1 .
It has been reported that about 80% of the breast cancer cases in Sudanese patients were diagnosed at locally advanced or metastatic stage [39] . Similar high proportions of advanced stage at diagnosis of breast cancer have been reported by several studies from other sub-Saharan African countries [36] [37] [38] . The contrary was reported from high resource countries, where 38% of the European and 30% of the US breast cancer cases have either locally advanced or metastatic disease at diagnosis [41] . Several factors may contribute to the delayed presentation of patients with breast cancer. These include lack of education, poverty, limited access to medical care and the fear of being perceived as a burden to caregivers. Other likely factors are fear of mastectomy and misconceptions about the nature or curability of the disease, which can lead women to seek alternative care instead of standard treatment [31] . About 60-75% of women in Central Sudan who develop breast cancer live in rural areas [39] and many of these women go untreated, mostly due to lack of access (financial and geographical) to health care (Figure 2) .
Typically, in our setting, cases with breast lumps are referred by the attending physician to surgical facilities in governmental hospitals or private clinics for tissue biopsy. The average time to get the histopathology result is about 2-3 weeks [42, 43] . In Sudan, there are only two specialized treatment centers for cancer, both located in Central Sudan, that is, the Radiation and Isotopes Center, Khartoum (RICK) and the National Cancer Institute (NCI-UG) of Gezira University in Wad Medani, Gezira State, Central Sudan. Given the size of the country, this situation by itself could lead to the above-mentioned delayed presentation in which most of cancer patients come after traveling long distances from different parts of the country (Figure 2) . Therefore, the financial aspects of investigations and treatment, alongside with the availability of boarding and lodging close to the oncology centers, represent a huge burden for the patients and their caregivers [17, 42] .
Molecular profiling indicates that breast cancer is a constellation of partially diverse and clinically relevant tumor subtypes whose prevalence across populations could be influenced by [44] [45] [46] . However, little is known about the molecular subtypes of breast cancer associated with high multiparity and lactation in noncontracepting populations, such as African populations. The molecular portrait(s) of breast tumors in Africa might be different compared to those of breast cancer in Western women [47] . Studies conducted in the USA suggest that black ethnicity adversely influences breast cancer phenotype [48] . Indeed, African Americans have been reported to manifest a higher rate of the most aggressive breast cancer subtype, that is, the basal-like subtype, associated with high grade, poor prognosis and younger age [48] . Data on the molecular subtypes of breast cancer among Sudanese patients are scarce. The basal cytokeratins, markers of the basal-like breast cancer subtype, were expressed in a fraction of cases from Central Sudan comparable to those reported for East and West African case series [49] . Lack of associations with age and tumor size may represent a special feature of basal-like breast cancer in Sudan [49] .
Very few studies assessed the clinical and pathological characteristics of breast cancer in Sudan. One study investigated in parallel series of patients the possible differences between breast cancer in indigenous sub-Saharan African (i.e., Sudanese) versus European (i.e., Italian) women. Compared with the Italian patients, the Sudanese patients were younger and their tumors were larger, more advanced in stage, higher in grade and more frequently positive for nodal metastases. Estrogen receptor (ER) expression varied between the two series, but no significant differences were found for PgR, combined hormone receptors, Her-2/neu, CK5/6, CK17, combined basal CK status or breast cancer subtypes [33] . The study concluded that the differences between the Sudanese and the Italian breast cancer series reflected stage at diagnosis rather than intrinsic biological characteristics [33] . This was in accordance with data reported for a breast cancer series from Nigeria, where Adebamowo and collaborators reported a high frequency of hormone receptor-positive cases, when the histopathology samples were collected under rigorous control for appropriate fixation [50] . On the contrary, studies that compared extensive series of African-American and European-American breast cancer patients found associations between aggressive estrogen receptor (ER)-negative breast cancer and both younger age at diagnosis and black ethnicity [19, 40, 48] . This suggests the possible contribution of ethnic factors to a higher burden of aggressive ER-negative breast cancer in African women. Huo et al. (2009) found that hormone receptor-negative breast cancer was predominant in a large series of 507 patients with invasive breast cancer from Nigeria and Senegal, in which only 25% of the studied cases were ER positive [40] .
Similar findings were reported in studies comparing Nigerian and UK breast cancer patients. In this regards, the immunoprofile of 308 breast tumors from Nigeria, together with the patients' outcomes, was compared with a tumor grade-matched UK control group. The Nigerian women presenting with breast cancer were more frequently premenopausal, and their tumors were characterized by large primary tumor size, high tumor grade, advanced lymph node stage and higher rate of vascular invasion compared with the tumors in the UK women. In the gradematched groups, the Nigerian breast cancers showed over representation of triple-negative and basal phenotypes and BRCA1-deficient breast cancer compared with the UK women, but no difference was found regarding Her-2/neu expression between the two series. The Nigerian patients showed significantly poorer outcome compared with the UK patients [47] .
Elgaili et al. evaluated the clinicopathological features of breast cancer in Central Sudan and reported that estrogen and progesterone receptors expression were performed on a limited number of samples and that the majority of the tested cases resulted negative [39] . This finding was in accordance with data from other African countries, such as Tanzania, Nigeria and Kenya, where the majority of the studied breast cancers were negative for estrogen and progesterone receptors [51] [52] [53] [54] .
Huo et al. suggested that the reported high frequency of hormone receptor negativity should be interpreted with caution, as false-negative results might be introduced by antigen degradation of archival materials, besides referral, which may generate a bias towards a lower proportion of ER-positive tumors [40] . Suboptimal assays most likely contribute to the low positive estrogen and/or progesterone receptors status reported for breast cancer in Africa [55] . Moreover, the high fractions of receptors-negative cases could reflect early age at breast cancer diagnosis, in Sudan as well as elsewhere in Africa, since young breast cancer patients are more likely to have tumors with negative estrogen and/or progesterone receptors status [56, 57] .
Eng et al. conducted a meta-analysis and a systematic review of the publications reporting on the frequency of breast cancer receptor-defined subtypes in indigenous populations in North and Sub-Saharan Africa and found that there was marked between-study heterogeneity in the ER+ estimates in both regions, with the majority reporting proportions between 0.40 and 0.80 in North Africa and between 0.20 and 0.70 in sub-Saharan Africa. Similarly, large betweenstudy heterogeneity was observed for PR+ and HER2+ estimates [58] . This meta-analysis showed that the proportion of ER+ disease was lower for studies based on archived tumor blocks compared to prospectively collected specimens and lower for series enriched in grade 3 tumors. For prospectively collected samples, the pooled proportions for ER+ and triple negative tumors were 0.59 (0.56-0.62) and 0.21 (0.17-0.25), respectively, regardless of region. This suggests that two-thirds of the African women with breast cancer have a less aggressive disease (ER+), for which targeted endocrine treatment could improve survival rates [58] . Thus, the data suggest the distribution of receptor-defined subtypes in African patients may not dramatically differ from that found in non-African patients, given the younger age structure and late presentation [58] .
Nonetheless, the diversity of the African breast cancer patient population was not comprehensively represented in the case series studied thus far [40] . As a result, the impact of breast cancer with hormone receptor negativity in sub-Saharan Africa needs to be further verified, under stringent quality control, in larger and more specific studies involving different African populations [40, 58, 59] .
The Ki-67 labeling index, which has been linked to patient outcome in breast cancer, is not routinely performed in Sudan and very few published reports have examined Ki-67 labeling index in African breast cancer patients. In a pilot study, the association(s) between Ki-67 labeling index and individual, pathological, clinical and immunohistochemical characteristics were investigated in 62 patients diagnosed with primary invasive breast cancer at RICK, Sudan. The results suggested a correlation with tumor differentiation and not with tumor size or any other tested marker [60] .
Male breast cancer in Sudan
Data from Central Sudan show that to 2.3% (34/1505) of all breast cancer patients registered at NCI-UG between 1999 and 2010 are males [61] , which is over two-fold higher than the proportion reported worldwide [62] . In this regard, the incidence of male breast cancer (MBC) is reportedly higher in sub-Saharan Africa [63] . In Central Sudan, the mean age at diagnosis for MBC was 56 years [61] , about a decade younger than the mean age seen in developed countries [63] . The mean period between complaint awareness and MBC diagnosis was 25.3 ± 46 months. Most patients presented with a large lump (mean size, 6.8 ± 3.0 cm) or with metastatic disease (stages III/IV; 21/34, 61.8%) [61] . Because MBC is a matter of stigma in Africa, this could be a reason for late presentation, together with the same issues that apply to breast cancer in females.
Breast cancer genetics in Sudan
As in industrialized countries, strong genetic factors contribute to a subset of breast cancer cases in the Sudan. The germline status of the two major breast cancer susceptibility genes, BRCA1 and BRCA2, was investigated in an NCI-UG breast cancer series selected based on diagnosis within 40 years of age (34 cases) or male gender (1 case). A total of 60 sequence variants, including 5 deleterious truncating mutations (2 in BRCA1, 3 in BRCA2) and 55 variants (30 in BRCA1, 25 in BRCA2) presumed to be neutral or of little clinical significance were detected. The data suggest that in Sudan BRCA1/2 could represent an important etiological factor of breast cancer in males and young women less exposed to pregnancy and lactation [64] . Biunno et al. found 33 BRCA1 point mutations, one of which of pathogenetic relevance, in 59 Central Sudanese premenopausal breast cancer patients. The high fractions of mutations with both intercontinental and uniquely African distribution were in agreement with the high genetic diversity expected in an African population [65] . Thus, genetic variation and frequency of unique or rare mutations of uncertain clinical relevance pose significant challenges to BRCA1 testing in Sudan, as it might happen in other African contexts [34] . It is worth mentioning that a determination of BRCA1 and BRCA2 genetic mutational status will go a long way towards an effective advice on prophylaxis for breast cancer [66] .
Masri et al. studied 20 unselected breast cancer patients in Sudan. They analyzed exon 11 of the BRCA2 gene and exons 5-9 of the p53 gene. They found only one somatic mutation and one polymorphism in BRCA2, without any further elaboration [67] .
Hereditary breast cancer is more likely to manifest with synchronous or metachronous bilateral disease. A study from the Khartoum Teaching Hospital assessed the frequency and features of bilateral breast cancer among the patients treated during the 5-year period from 1994 to 1999. Of 521 patients treated for breast cancer, only seven (1.3%) were diagnosed with bilateral breast cancers [68] .
Susceptibility to breast cancer could be predisposed by low penetrance gene polymorphisms. A single nucleotide polymorphism in the estrogen receptor gene (ESR1), C325G, implicated in breast cancer susceptibility, was genotyped in breast cancer patients and in age-and sex-matched Sudanese controls. Overall, there was a trend in the direction of an association between the CC genotype and breast cancer, which became significant in the subgroup within 50 years of age [69] . The association of the Her-2/neu Ile655Val polymorphism with breast cancer in the Sudan was also investigated [70] . Val/Val and Ile/Ile genotype frequencies were similar in patients and controls; Ile/Val had a borderline-significant association with breast cancer, not confirmed when the genotypic and allelic frequencies were stratified by age and menopausal status. Possible joint effects of Her-2/neu Ile655Val and ESR1 C325G on breast cancer risk were also investigated. The frequency of the polymorphic variants varied with ethnic origin. A significantly higher risk of breast cancer was observed among carriers of homozygous ESR1 325 CC and heterozygous Her-2/neu 655 Ile/Val [70] . These results suggest that an interaction between the ESR1 325C and Her-2/neu Ile655Val variants could contribute to breast cancer risk in Sudanese women [70] .
Oncogenic viruses, such as Epstein-Barr virus (EBV), could play a role in breast carcinogenesis in Sudan. EBV genomic sequences were detected in a large fraction of tested Sudanese breast cancer specimens, suggesting an association between EBV and breast carcinoma in Sudanese patients [71] .
Current status of breast cancer screening in Sudan
International policies recommend screening mammography for women aged 50-69 years [72] . Other imaging modalities, such as MRI and ultrasound, are not recommended for screening in the general population. According to an analysis from the 2003 World Health Survey, only 2.2% of women age 40-69 years in limited resource settings had received any breast cancer screening. Mammography screening programs have also been estimated to cost from US$16,000 to US$37,000 per life saved, which exceeds by a significant margin the per capita health care budgets in many limited resource settings [73, 74] . Therefore, International guidelines recommend clinical breast examination (CBE) as a preferred approach to screening in settings in which mammography screening is not available [75, 76] .
In Sudan, the health care system is significantly weakened by limited resources and human capacity. Resources available for health care are predominantly spent on infectious disease care, such as malaria, diarrheal diseases and tuberculosis. In our setting, the challenges of establishing national cancer screening programs include limited financial resources, shortage in trained health care professionals and social barriers that impede population enrollment into cancer screening program. In our setting, mammography machines are few. In addition, the target population is mostly young women and the available traditional film mammography machines are not efficacious for breast cancer detection in young women with dense breast.
In 2000, medical students from the Faculty of Medicine, University of Gezira, performed a breast self-examination (BSE) intervention project in "Um-Alghora," one of the poorest localities in Gezira State. During one academic semester, the students covered 200 families by training on competences of BSE. Four breast lumps were detected (two of which were fibroadenomas and two carcinomas). This project revealed that medical students, through relevant community based educational activities in preventive medicine, could have a significant effect on early detection of breast cancer by BSE [77, 78] .
Given that breast cancer is the most commonly observed cancer in Sudan, an initiative for breast cancer awareness and early detection was launched in 2008, led by the National Cancer Institute, University of Gezira. Abuidris and colleagues conducted a pilot study in two localities in Gezira State, Sudan (Figure 3) . Approximately 10,000 rural women aged 18 years or older were screened for breast cancer by using trained volunteers (Figure 4) . Seventeen of those screened had carcinoma in situ or breast cancer, including eight with carcinoma in situ and nine with early breast cancer. In control villages, only four women self-referred for breast symptoms, three of whom had advanced-stage breast cancer [79] . Therefore, in our setting, the implementation of a cancer awareness and breast examination program that uses local volunteer women might be better used to raise awareness and encourage more women with palpable breast lumps to seek and receive early medical care. Breast Cancer -From Biology to Medicine
Breast cancer management in Central Sudan
The management of patients with breast cancer requires a multidisciplinary approach to treatment (MDT). The MDT team includes a surgeon, a clinical oncologist, a pathologist, a clinical radiologist, a social worker, a nurse and a counselor. These specialists are lacking in limitedresource countries, and where they exist they tend to work in isolation, rather than in team. Therefore, almost all patients with breast cancer are treated without been seen in an MDT context. Practice guidelines that outline the optimal approach to breast cancer management have been developed by several international organizations and scientific committees, such as National Comprehensive Cancer Network (NCCN) guidelines. However, these guidelines may be inappropriate in limited resource countries for many reasons, including the extreme limitation of resources for diagnosis and treatment and the extreme shortage in trained health care providers.
The NCI-UG has a multidisciplinary breast clinic for management decisions. This clinic, established in 2002 ( Table 2) , is hosted by the Oncology Department of the NCI-UG and is attended by surgeons, oncologists, pathologists, psychologists, social workers and oncology nurses. The Gezira guidelines for the management of breast cancer, developed in 2004 and updated in 2006, are oriented towards the limited financial resources of the Sudan [80] . These guidelines represent a milestone for the improvement of breast cancer medical care in Central Sudan and are the first application of the MDT concept to patient's management in Sudan. Thus, the activities related to Gezira guidelines for management of breast cancer are part of an overall progress of the local oncology services in Central Sudan ( Table 2) . Cancer treatment is free of charge for all citizens in Sudan. Furthermore, boarding and lodging facilities close to the oncology center (NCI-UG) are available free of charge for cancer patients.
In the next sections of diagnosis and treatment, we present and discuss the currently adopted Gezira guidelines for management of breast cancer patients [80] .
Year Achievement 
Breast cancer diagnosis in Central Sudan

Clinical assessment
All referred breast cancer cases should undergo a thorough clinical assessment to provide guidance about the extent of the disease and the patient's fitness to tolerate cancer treatment.
Breast imaging
Breast ultrasound with diagnostic mammography should be part of triple assessment for all patients with breast lump. In Sudan, diagnostic breast ultrasound is often used to make a diagnosis of breast cancer, whereas diagnostic mammography is available only in few centers in Khartoum and Wad Medani (capital of the Gezira state). Therefore, triple assessment cannot be done in most parts of the country.
Histopathological investigations
Pathology practice in Sudan, like in other limited resource countries, has suffered from lack of funding, making it difficult for practicing pathologists to develop and apply recent technologic advances in their everyday practice [42, 43] .
In Central Sudan, histopathology services are provided by the Department of Pathology, Faculty of Medicine, University of Gezira, located in Wad Medani (capital of the Gezira state), and serving the population of the Gezira state (about four million people living in an area of about 26,075 km 2 ; 10% of the total Sudanese population). This laboratory was established in 1978 and was the first of its kind outside Khartoum (the capital city). The average annual load during the years 2005-2009 at the above-mentioned laboratory was 5749 ± 476 and 1052 ± 128 specimens per year for histopathology and cytopathology, respectively; the overall annual load average was 6802 ± 494 [42] . There is a gross shortage of pathologists outside the capital, Khartoum. Currently, there are approximately eight anatomic pathologists serving the population of Central Sudan. Generally, there is a very poor logistic system for delivering the specimens to the laboratories. Surgical specimens are brought to the laboratory by the care givers of the patients. Buffered 10% formalin is rarely used, sometimes the specimens are received in normal saline and, rarely, in absolute ethanol [42] . Histopathologists mainly use hematoxylin-eosin routine stains. Pathologists in Gezira State depend largely on their skills in morphology (with its limitations) to classify tumors on routine stains.
According to the Gezira guidelines for management of breast cancer, the standard pathology report must include information on tumor size, lymph node status, histologic type, tumor grade, lymphovascular invasion and margin status [80] . Immunohistochemistry stains for estrogen-progesterone receptors, proliferative index (Ki67) and HER2-neu expression statuses are available, but the costs associated with testing for ER, PR and HER2 status are high, therefore these tests are not included in the primary report and are separately requested, added as extras paid by the patients. As a result, not all patients undergo hormonal receptor testing. Figure 5 shows that 78% of the patients referred to NCI-UG in 2010-2011 had receptor testing. Cost reduction using tissue microarray immunohistochemistry (TMA-IHC), a known cost reduction technique relative to standard whole slide IHC, is problematic when dealing with large tumors in limited resource settings, where quality control in pathology processing may be less than optimal [81] . Frozen section, fluorescence in situ hybridization (FISH) and electron microscopy services are presently not available.
Because fine needle aspiration cytology (FNAC) is cheap, quick and repeatable, it was used extensively in the initial diagnosis of breast lumps. Fibroadenomas, cysts and abscesses (including antibiomas) are the most commonly diagnosed benign entities. Breast cancer initial diagnosis is usually done by FNAC, especially for late cases with ulcerations, since it is less invasive in such moribund patients with very poor general condition. In the last few years, ultrasound directed true-cut biopsies are been increasingly used initially or more commonly following FNAC.
In short, in Gezira State the preoperative diagnosis of breast cancer is based on FNAC, clinical evidence and excisional or incisional biopsy.
Staging investigations
In Central Sudan, diagnostic staging modalities, such as chest and skeletal radiography and liver ultrasound, are available in most tertiary hospitals. Computed tomography (CT) scans are available in two governmental institutes and in two private centers but are generally cost-prohibitive. The Department of Nuclear Medicine of the NCI-UG is the only provider of nuclear medicine services, such as bone scan, thyroid scan, multigated acquisition (MUGA) scan and renal scan for the population of the Gezira State. Complete blood count, renal function tests and liver function tests are mandatory for newly diagnosed cases as part of staging investigation [80] . Selected blood tests (i.e. CBC, blood chemistry profile) are required for the safe administration of chemotherapy.
Despite the improved availability of pathology, radiology and nuclear medicine services, financial difficulties turn away many women with few financial resources who have breast complaints. Without adequate health insurance coverage, limited personal finances can be a significant barrier to care for many breast cancer patients regarding investigations related costs.
Treatment workup and challenges in Central Sudan
Treatment of breast cancer is dependent on the stage of the disease, age and medical state of the patient, tumor characteristics, patients' preferences and available resources. Options range from breast-conserving surgery (BCS), mastectomy, axillary clearance, chemotherapy, radiotherapy (RT), to palliative care. Treatment at an advanced stage has poor prognosis with lowest cure rates. Challenges frequently faced by oncologist treating breast cancer in Sudan are (1) most patients present with stage III or IV when they first seek medical treatment and (2) lack of adherence to treatment and inadequate follow-up because patients may have to travel long distance to receive treatment or follow-up.
Surgery
Breast surgery is often the initial treatment for patients who present with operable tumors. In Sudan, breast surgery is mostly performed by general surgeons. The ability to perform modified radical mastectomy (MRM) and breast-conserving surgery (BCS) is considered fundamental for surgical residence training by the Sudan Medical Specialization Board. Therefore, general surgeons in Sudan are generally well trained and have high exposure to breast surgery.
In Sudan, due to the fact that the majority of breast cancer patients present with locally advanced stage, MRM, after or without neoadjuvant chemotherapy, is the predominant surgical procedure. MRM includes removal of breast tissue, axillary tail and clearance of level I and II axillary lymph nodes. The low rate of BCS in our patients reflects the high rate of late presentation. BCS requires (1) breast imaging (mammography and ultrasound) and pathology services to ensure tumor free margins of excision, (2) surgeons experienced in achieving a good cosmetic result with negative pathologic margins of excision and (3) radiotherapy facilities. These requirements are met in our setting. Therefore, BCS is currently used as an alternative option for young patients with early breast cancer, obviously a choice that is cosmetically desirable. BCS could be a choice for patients with large tumors who achieved good response to neoadjuvant chemotherapy. Randomized trials have shown that there are no significant differences in disease-free or overall survival between patients treated by mastectomy and those treated by breast-conserving surgery and whole-breast radiotherapy [82] [83] [84] . Breast cancer peaks among Sudanese women in their 30s. Therefore, breast-conserving therapy preserves the body image and may offer better quality of life.
Reconstruction breast surgery is not an option in our setting, due to lack of plastic and reconstructive surgeons. Although sentinel lymph node (SLN) biopsy has become the preferable standard to axillary dissection in breast cancer surgery, this advanced technique is presently not available in Sudan.
Radiotherapy
Radiotherapy (RT) is an essential part of the multimodality treatment of breast cancer. In limited resource countries, and particularly in Sudan, the need for radiotherapy is much greater due to late presentation and inoperability of the tumors. Access to radiotherapy, however, is severely limited. Africa has less than 2% of all radiotherapy centers globally and is home to approximately 15% of the world's population, demonstrating a dire need to improve the availability of radiotherapy [85] . The NCI-UG is a governmental facility with two Co60 machines, linear accelerator machine (Linac) and a treatment planning system (Figure 6 and Table 3 6, 9, 12 and 15 MeV. The machine was stored for 2 years before installation as the bunker was not constructed in time, but never treated even a single patient because of licensing issues and economic sanctions imposed to Sudan. Although linear accelerator machines (Linac) are considered preferable, cobalt machines represent a reasonable alternative in our setting because Co 60 radiotherapy machines are simpler to operate and much less expensive than Linac machines. Drawbacks of the Co 60 machines are the lower percentage depth dose and the decaying source that reduces the output, resulting in increased treatment time, which in turn reduces the patients outputs. Furthermore, the radioactive components are difficult to procure, because of the current international concerns.
The most common schedule for irradiation is 50 Gy in 25 fractions to the whole breast, administered daily, five times per week. In a large randomized trial, however, a shorter fractionation schedule (42.5 Gy in 22 days or 40 Gy in 3 weeks), more convenient and less costly, proved to be just as safe and effective [86, 87] . Thus, due to the long waiting list, cost and demand for the machine time, we considered hypo-fraction radiotherapy (treatment over 3 weeks) that simplifies the radiotherapy planning process, permitting more efficient use of our limited resources, and thus allowing the treatment of more patients with the existing equipment and personnel.
According to the Gezira guidelines for management of breast cancer, post-mastectomy irradiation is considered for patients with a tumor larger than 5 cm, or a tumor involving the chest wall or skin. It is also considered for patients with more than three positive axillary lymph nodes. Adjuvant radiotherapy is indicated for all patients who underwent BCS. Supraclavicular fossa irradiation is recommended for patients with more than three positive axillary lymph nodes. For patients with locally advanced breast cancer in which mastectomy is still not possible after initial systemic therapy, breast and regional irradiation is given, followed whenever possible by mastectomy. For patients with distant metastases, irradiation may provide relief of symptoms such as pain, bleeding, ulceration and lymphedema.
Chemotherapy
Systemic therapy for cancer treatment represents one of the great challenges in cancer control efforts in limited resource countries. The well-established cytotoxic chemotherapy drugs
Recourse Counts
Clinical oncologists 4
Radiographers 10
Medical physicists 3
Engineering technicians 3
Co 60 radiotherapy machines 2
Linear accelerator a 1 
Targeted therapy agents
In our setting, Trastuzumab is the only available targeted therapy. However, the costs to the patients and issues related to insurance coverage limit patient access to this drug. Therefore, Trastuzumab is not included in the WHO model list for essential medicines, and HER2 targeted therapy is not considered as a priority in our limited resource setting by health care policy makers and insurance companies. Another limitation is that HER2 borderline cases (IHC score 2+) cannot be reassessed due to the unavailability of the fluorescence in situ hybridization (FISH) technique [88] .
Palliative care services
The NCI-UG palliative care service was established in 1999 for pain control, stoma care and wound care. The available pain medications are paracetamol, nonsteroidal anti-inflammatory drugs, tramadol and morphine (both intravenous and oral). These medications are provided free of charge. However, these services remain grossly inadequate and represent a further area of priority, which led to the establishment of the Gezira palliative care program in 2015, to provide palliative care at home for terminal-stage cancer patients.
Conclusions, future perspectives and open challenges
Sudan and many other sub-Saharan African countries need to face alarming increases in cancer incidence [19, 28-30, 32, 89] . This situation impacts on the above-mentioned African health care crisis. At the same time, there is a very scarce and often incorrect perception of cancer as a disease in many African communities [13, 19, 28-30, 32, 37, 90-92] . In Sudan, breast cancer, particularly in premenopausal women, is increasingly recognized as an emerging health problem. Overall, the features of breast cancer in the Sudan may reflect population structure and reproductive factors resulting in low postmenopausal breast cancer incidence. On the other hand, the available data indicate that the Sudanese breast cancer series are enriched with cases of male breast cancer and early onset female breast cancer, particularly in parous women, suggesting specific risk factors [17, 64] . Information on breast cancer incidence in our limited resource setting is lacking due to lack of population cancer registry. In Sudan, as suggested by hospital-based case series the burden of disease is clearly increasing and breast cancer may account for large proportion of cancer load. Population-based studies, however, are needed to determine the true incidence of the disease, which, in present contest, is difficult to evaluate. It is probable that the breast cancer cases arising in Sudanese women derive from poorly understood interactions between strong genetic and environmental factors, which may include factors promoted by pregnancy and lactation. Moreover, an understanding of the above-mentioned complex situation is primarily important in view of the need of developing ad hoc designed preventive and therapeutic strategies. This requires local political will, painstaking development of infrastructures, trained personnel and focused international support [33, 43, 93] . Finally, but not lastly, a better understanding of breast cancer in black African women is of global crucial relevance, as there is an alarming increase in breast cancer among young black women worldwide and these patients have the lowest survival rates.
